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Contaimner assemblies for accommodating pharmaceutical
compositions are provided. The container assembly 1includes
a contaimner and a plunger. The container has a hollow
cylindrical body with an open end and a closed end, which
1s closed by a bottom portion. The hollow cylindrical body
has a length (L), an outer diameter (DO), and an inner
diameter with a length to outer diameter ratio between 3:1
and 15:1. The hollow cylindrical body and the bottom
portion are formed integrally and of the same matenal,
which 1s a glass or polymer material. The container has an

inner surface with an average Zn-leachability of 0.00085
ug/cm* or less. The plunger is inside the hollow cylindrical
body at the open end, 1s pierceable by a cannula, and 1s
slidable relative to the hollow cylindrical body from the
open end towards the closed end.
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CONTAINERS HAVING CLOSED ENDS,
CONTAINER ASSEMBLIES AND MEDICAL

DEVICES HAVING SUCH CONTAINERS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims benefit under 35 USC § 119 of
European Application 19189623.7 filed Aug. 1, 2019, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND
1. Field of the Invention

The present invention relates to containers having closed
ends, as well as container assemblies for accommodating
pharmaceutical compositions, such as compositions of bio-
logics and medical devices having such containers. The
container assembly 1s installable in a medical device, 1n
particular in a medical injector. The mvention further relates
to a container for accommodating pharmaceuticals and to a
medical device for expelling pharmaceuticals.

2. Description of Related Art

Commonly used container assemblies for accommodating,
pharmaceutical compositions, which are installable 1n a
medical device, are e.g. known from prior art document U.S.
Pat. No. 5,425,715 A and are exemplarnly shown 1n FIG. 1.
Such prior art container assemblies comprise containers that
have a substantially hollow cylindrical body with an open
end and an opposite end. The open end 1s provided for
receiving a plunger, while the opposite end has a neck
portion with reduced diameter and a tlange that 1s closed by
a crimp. For expelling the accommodated pharmaceutical
composition by the medical device, the crimp of the con-
tainer 1s pierced by a cannula so as to dispense the pharma-
ceutical therethrough.

However, pharmaceutical compositions accommodated in
prior art container assemblies have limited shelf-lives due to
leachables or so called extractables migrating into the phar-
maceutical composition. More precisely, pharmaceutical
compositions accommodated 1n known container assemblies
have a limited shelf-life due to leachables or so called
extractables migrating from the container assembly. Accord-
ing to Zhou et al., Biologics Formulation Factors Affecting
Metal Leachables from  Stainless Steel, AAPS
PharmSciTech. 2011 Mar.;12(1):411-21, especially metal
leachables are harmiul for pharmaceutical compositions
stored 1n the container assemblies, 1n particular for biolog-
ICS.

SUMMARY

It 1s an object of the present invention to provide a
container assembly for accommodating pharmaceutical
compositions and being installable 1n a medical device, a
corresponding container for accommodating pharmaceutical
compositions, and a medical device for expelling pharma-
ceutical compositions, which overcome the above draw-
backs.

It 1s a further object of the present invention to provide a
container assembly for accommodating pharmaceutical
compositions and being installable 1n a medical device, and
a corresponding container, which allow for a compact design
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2

of the medical device, and to provide a medical device for
expelling pharmaceutical compositions, which has a com-
pact size and geometry.

According to a first aspect, the present invention provides
a container assembly for accommodating pharmaceutical
compositions, 1n particular biologics. In this description, the
term “pharmaceutical composition™ refers to a composition
that comprises at least a pharmaceutically active agent, and
at least one pharmaceutically acceptable excipient, such as
a carrier. The pharmaceutically active agent may be a
so-called “biological”, or “biclogic”. Biologicals/biologics
include proteins, peptides, nucleic acids, vaccines, antibod-
ies, and enzymes. The container assembly 1s installable 1n a
medical device, 1n particular 1n a medical 1njector or medical
injection pen.

The container assembly comprises a container and a
plunger. The container can also be referred to as a cartridge,
an expelling or injection container or an injection cartridge.
The container comprises a hollow cylindrical body having
an open end and a dead or closed (*closed”) end opposite to
the open end. The open end of the container 1s configured for
receiving the plunger that 1s slidable relative to the hollow
cylindrical body from the open end towards the closed end.
The closed end 1s completely closed by a bottom portion.
The hollow cylindrical body may have a length between 35
mm and 120 mm, preferably between 42 mm and 70 mm, an
outer diameter between 6.85 mm and 30 mm, preferably
between 8.65 mm and 22.05 mm, and an inner diameter
between 4.65 mm and 27 mm, preferably between 6.85 mm
and 19.05 mm, with a length to outer diameter ratio between
3:1 and 15:1, preferably between 3:1 and 12:1, preferably
between 3:1 and 10:1, more preferably between 3:1 and 7:1,
more preferably between 4:1 and 7:1, more preferably
between 5:1 and 7:1 and more preferably between 6:1 and
7:1. The hollow cylindrical body and the bottom portion are
formed integrally and of the same material, which 1s a glass
or polymer material. The outer diameter and/or the inner
diameter of the hollow cylindrical body can be substantially
constant over the entire length of the hollow cylindrical
body. With other words, the outer diameter and/or the inner
diameter of the hollow cylindrical body does not vary more
than 5% over the length of the hollow cylindrical body,
respectively, 1 particular not more than 4%, preferably not
more than 3%, more preferably not more than 2%, even
more preferably not more than 1%.

The 1mner surface of the container may have an average
Zn-leachability (zinc leachability) of 0.00085ug/cm* or less,
preferably 0.00075ug/cm” or less, more preferably
0.00065ug/cm? or less, still more preferably 0.00055ug/cm?
or less. The leachability values relate to measurement results
from an ICP-MS (inductively coupled plasma mass spec-
trometry) analysis method. An optional and preferred way of
measuring the leachabilities indicated 1n this description 1s
given in the example section.

The plunger 1s arrangeable inside the hollow cylindrical
body 1n the region of the open end so as to sealingly close
the open end, wherein the plunger 1s pierceable by a cannula
and 1s slidable relative to the hollow cylindrical body from
the open end towards the closed end.

As the hollow cylindrical body and the bottom portion are
formed integrally and of the same material, which 1s a glass
or polymer matenial, the completely closed end of the
container 1s not pierceable by a cannula. Consequently, 1n
the container assembly or a medical device comprising the
container assembly with the closed end container, both the
plunger actuation for acting upon the accommodated phar-
maceutical and the fluidic connection for dispensing the
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pharmaceutical by a cannula have to be realized via the open
end (e.g. by penetrating the plunger with the cannula).

The container assembly according to the present invention
provides a solution to effectively increase the shelf-life of
pharmaceutical compositions accommodated in the con-
tainer assembly. Namely, the mnventors of the present inven-
tion have identified the presence and negative eflects of
/Zn-leachables 1n prior art containers and container assems-
blies and have determined that minimizing especially the
/n-leachability to the specified amounts leads to an
increased shelif-life of pharmaceuticals stored i1n the con-
tainer. Based on this, the container of the present invention
provides a solution that 1s installable in a medical device and
mimmizes the Zn-leachability, 1.e. increase the shelf-life of
pharmaceuticals, by a particular feature combination. This
feature combination includes an optimized shape and dimen-
s1ons of the container as well as specific material parameters.
Optimal shape and dimensions are achieved by providing
the container with a closed end, which allows for a compact
s1ze and the specified length and diameter values and ratios,
which constitute an optimal balance between favorable inner
surface-to-volume ratio and a favorable inner diameter,
considering that 1in a container assembly the 1nner diameter
of the container influences the surface of the rubber plunger
in contact with the accommodated pharmaceutical compo-
sition. Both the iner surface of the container and the surface
of the rubber plunger, which may be in contact with an
accommodated pharmaceutical during storage, influence the
amount of leachables, such as Zn-leachables, migrating into
the accommodated pharmaceutical. Further, the average
/n-leachability of the container material influences the
amount of leachables, such as Zn-leachables, migrating into
the accommodated pharmaceutical. Hence, the feature com-
bination of the present container including the optimized
shape and dimensions and the specific material parameters
of the container synergistically contributes to an increase of
the sheli-life of pharmaceuticals accommodated 1n the con-
tainer.

Further, providing the container with one closed end
cnables to provide a desired inner volume capacity while
reducing the length of the container, and thus of the corre-
sponding container assembly, compared to prior art contain-
ers with a neck portion and a crimp. By means of the closed
end, the neck portion and the crimp (including a sealing
rubber member) can be omitted, which can result 1n an
overall length reduction of more than 5 mm with regard to
containers having an inner volume capacity of 1 ml, 1.5 ml
or 3 ml and an even greater length reduction with regard to
containers having an inner volume capacity of S ml to 10 ml.
Theretore, the closed end structure of the container and the
specific length and diameter values and ratios of the con-
tainer lead to a compact overall design of the container and
the container assembly, which consequently allows to pro-
vide a compact design of a corresponding medical device.
Further, by omitting the neck portion, the crimp and the
sealing rubber member, the number of separate components
and materials of the container can be reduced, which reduces
manufacturing costs of the container.

In an embodiment of the container assembly, the plunger
can comprise a rubber material having a Zn-leachability of
0.00800ug/cm” or less, preferably 0.00650ug/cm® or less,
more preferably 0.00500ug/cm” or less, still more preferably
0.00350ug/cm? or less. Providing the plunger with a respec-
tive rubber material can further increased sheli-life of phar-
maceuticals stored 1n the container by further minimizing,
the overall amount of Zn migrating into the accommodated
pharmaceutical, considering that an mnner surface of the
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4

plunger 1s 1n contact with the accommodated pharmaceutical
during storage and use of the container assembly.

The plunger can be entirely or partially be made of the
rubber material. In an embodiment, 1n which the plunger 1s
only partially made of rubber material, the rubber can for
example comprise a substantially cylindrical non-rubber
component (e.g. thermoplastic, ceramic, glass) with a rubber
O-ring, e.g. arranged on a lateral surface of the cylindrical
non-rubber component. The substantially cylindrical non-
rubber component can comprise the same material as the
container or a diflerent material than the container.

Preferably, the plunger can comprise, or essentially con-
sist of, an elastomeric material, such as a rubber. Generally,
the elastomeric material may be any suitable elastomer, and
more particularly, rubbers constructed from butyl, bro-
mobutyl, chlorobutyl, silicone, nitrile, styrene butadiene,
polychloroprene, ethylene propylene diene, fluoroelasto-
mers, thermoplastic elastomers (TPE), and combinations
and blends thereof.

In an embodiment, the inner surface of the container
assembly can have an average Zn-leachability of 0.00135ug/
cm” or less, preferably 0.00115ug/cm” or less, more prefer-
ably 0.00100ug/cm* or less, still more preferably 0.00080ug/
cm” or less. The inner surface of the container assembly
comprises the inner surface of the container, i.e. the mner
surface of the hollow cylindrical body and of the bottom
portion, and the inner surface of the plunger. Thus, providing
a material combination that has the specified Zn-leachability
can particularly increase sheli-life of pharmaceuticals stored
in the container assembly.

In an embodiment, the inner surface of the container
assembly can have an average Mg-leachability (magnesium
leachability) of 0.04000ug/cm® or less, preferably
0.03700ug/cm” or less, more preferably 0.03500ug/cm” or
less, still more preferably 0.03200ug/cm? or less. The inven-
tors of the present invention have further identified the
presence and negative eflects of Mg-leachables 1n prior art
container assemblies and have determined that minimizing
also the Mg-leachability to the specified amounts leads to a
further increased shelf-life of pharmaceuticals accommo-
dated 1n the container assembly.

The container assembly can have a pressure compliance F
(force) of at least 0.64 N/mm~x(inner diameter)”, i.e. of at
least 0.64 N/mm~xinner diameterxinner diameter. Prefer-
ably, the container assembly can have a pressure compliance
F (force) of at least 0.75 N/mm~x(inner diameter)”, prefer-
ably at least 0.8 N/mm~x(inner diameter)”, more preferably
at least 0.85 N/mm~x(inner diameter)”, still more preferably
at least 0.9 N/mm*x(inner diameter), still more preferably
at least 0.95 N/mm~”x(inner diameter)*. The pressure com-
pliance constitutes a minimal axial force that 1s applyable to
the filled container via the plunger, without any leakage
occurring on the container assembly. Measurement of the
pressure compliance can be performed in accordance with
the settings set forth 1n ISO 11608-3:2012. Such a pressure
compliance reduces the risk of damaging the container
during use 1n a medical device, 1n particular when applying
large forces to the container via a plunger, as for example 1n
an epinephrine pen or an emergency drug delivery device.
The improved shape and dimensions of the closed-end
container contributes to providing the container assembly
with the preferred pressure compliance.

This applies 1n
particular as the mventors have observed that the leakage
mainly occurs at the crimped closure of prior art container
assemblies (and not in the region of the plunger). Thus, by
replacing the crimped closure with an integral closed end,
this weak point can be avoided.
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It was found that leachability values can be influenced by
the cooling rate used during production of the glass material,
¢.g. alter drawing a glass tube for forming the container. It
was found that 1f the glass undergoes very fast cooling,
diffusivity increases whereas hydrolytic, acid resistance and
leaching 1ncreases. Diflusivity 1s the susceptibility of the
material towards chemical tempering. If the glass cools very
slowly, diffusivity decreases, hydrolytic as well as acid
resistance increase and leaching 1s reduced. The eflective
cooling result can be measured on a given glass article
simply by measuring the compaction that a glass article
undergoes under controlled temperature conditions, wherein
higher compaction corresponds to fast cooling and lower
compaction corresponds to slow cooling. Particularly, 1t was
found that desired diffusivity, leaching characteristics,
hydrolytic and/or acid resistance values can be obtained, 1
the glass material used 1n this mvention 1s produced such
that the glass exhibits a compaction of 200 um/100 mm or
less, from 50 to 120 um per 100 mm length. Preferably,
compaction should be in a range of from 60 to 100 um, or
from 65 to 95 um per 100 mm length.

Such a compaction can be particularly helpful for mini-
mizing Zn-leachability (and other leachability 1n general,

e.g. of Mg, Al), in particular in order to provide the average
/n-leachability of the mnner surface of the container of
0.00085ug/cm” or less, preferably 0.00075ug/cm” or less,
more preferably 0.000651g/cm? or less, still more preferably
0.00055ug/cm” or less. Preferably, the material having this
compaction can be a glass material.

Compaction measurement 1s very simple. An article or
part of an article (made of the material) of a given length,
¢.g. a tube or container, or a part thereot, 1s subjected to heat,
wherein the article or part thereof 1s heated from room
temperature to S00° C. by putting the article or part thereof
into an oven (pre-heated to 500° C.), kept in the oven at S00°
C. for 1 hour, and cooled back to room temperature by taking
the article or part thereof out of the oven and letting 1t cool
down at room temperature in ambient atmosphere. Room
temperature 1s 20° C. The length of the article or part thereof
1s measured before and after heat treatment. The length 1s the
article’s diameter or the diameter of 1ts part along its
respective longitudinal axis.

According to another embodiment of the invention, the
container assembly can comprise 5.00% by weight or less
Al203, preferably 4.00% by weight or less, more preferably
3.00% by weight or less. The container assembly can
preferably comprise more than 0.01% by weight Al203,
preferably more than 0.10% by weight, more preferably
more than 1.00% by weight. In this embodiment, also the
Al-leachability can be mimimized. This 1s advantageous as
Al-leachables can negatively aflect pharmaceuticals, in par-
ticular biologics, which are 1n contact with the material. The
inner surface of the container can have an average Al-
leachability (aluminum leachability) of 0.01000ug/cm” or
less, preferably 0.00700ug/cm® or less, more preferably
0.00500ug/cm” or less, still more preferably 0.00350ug/cm”
or less. In an embodiment, the above specified percentages
for aluminum may apply for zinc (ZnO) and/or magnesium
(MgQO). Zinc and magnesium may be present as impurities
in many materials.

In an embodiment, the container material, 1.e. the material
of the hollow cylindrical body and the bottom portion, can
be a borosilicate glass or an alumino-silicate glass. Prefer-
ably, the material can be a chemically or physically tem-
pered glass. Preferred materials have the following compo-
sitional ranges 1 mol %:
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component mol %
510, 60 to 85
B>0; 3 to 15
AlL,O, 0 to 3

R,O 5 to 15
RO 0 to 10

wherein R20O means the alkali metal oxides selected from
[120, Na20 and K20; and RO means the alkaline earth

metal oxides selected from MgO, ZnO, CaO, BaO and SrO.
The material can have an average linear thermal coefli-
cient of expansion o (20° C., 300° C.) of 3 to 11-10-6/K,

preferably 3.5 to 7-10-6/K, more preferably about 4.9.10-6/
K, a transformation temperature Tg ol 400° C. to 700° C.,
preferably about 565° C., and/or a density ¢ at 25° C. 01 2.3

to 2.5 grams (g) per cubic centimeter (cm3), preferably
about 2.34 grams (g) per cubic centimeter (cm3).

In an embodiment, the container material, 1.e. the material
of the hollow cylindrical body and the bottom portion, can
be a cycloolefin copolymer (COC) or a cycloolefin polymer
(COP).

According to another aspect, the present invention pro-
vides a container for accommodating pharmaceutical com-
positions, 1n particular biologicals. The container can also be
referred to as a cartridge, an expelling or injection container
or an injection cartridge. The container 1s installable in a
medical device. The medical device can be a medical
injector or medical injection pen, such as an injector for
injecting epinephrine (1.e. an epinephrine pen). The medical
device can be automatically and/or manually operable. The
medical device can be fluidically connected to a dispensing
arrangement, such as to a tube of an i1njection or dispensing
arrangement.

The container comprises a hollow cylindrical body having
an open end and a closed end opposite to the open end. The
open end of the container i1s configured for receiving a
plunger that 1s slidable relative to the hollow cylindrical
body from the open end towards the closed end. The closed
end 1s completely closed by a bottom portion. The hollow
cylindrical body may have a length between 35 mm and 120
mm, prelerably between 42 mm and 70 mm, an outer
diameter between 6.85 mm and 30 mm, preferably between
8.65 mm and 22.05 mm, and an inner diameter between 4.65
mm and 27 mm, preferably between 6.85 mm and 19.05
mm, with a length to outer diameter ratio between 3:1 and
15:1, preferably between 3:1 and 12:1, preferably between
3:1 and 10:1, more preferably between 3:1 and 7:1, more
preferably between 4:1 and 7:1, more preferably between
5:1 and 7:1 and more preferably between 6:1 and 7:1. The
hollow cylindrical body and the bottom portion are formed
integrally and of the same matenal, which 1s a glass or
polymer material. Thus, the completely closed end of the
container 1s not pierceable by a cannula. Consequently, 1n a
medical device or a container assembly comprising the
closed end container, both the plunger actuation for acting
upon the accommodated pharmaceutical and the fluidic
connection for dispensing the pharmaceutical by a cannula
have to be realized via the open end (e.g. by penetrating the
plunger with the cannula).

The 1mner surface of the container may have an average
Zn-leachability of 0.00085ug/cm® or less, preferably

0.00075ug/cm” or less, more preferably 0.00065ug/cm” or
less, still more preferably 0.00055ug/cm? or less. The leach-
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ability values relate to measurement results from an ICP-MS
(inductively coupled plasma mass spectrometry) analysis
method.

According to another aspect, the present invention pro-
vides a medical device for expelling or injecting pharma-
ceuticals. The medical device can be a medical injector or
medical 1njection pen, such as an injector for injecting
epinephrine (i.e. an epinephrine pen). The medical device
can be automatically and/or manually operable. The medical
device can be flmdically connected to a dispensing arrange-
ment, such as to a tube of an injection or dispensing
arrangement.

The medical device comprises a hollow device body and
a container assembly, which 1s 1nstallable iside the hollow
device body. The container assembly comprises a container
and a plunger. The container has a hollow cylindrical body
with an open end and a closed end opposite to the open end.
The open end 1s configured for receiving the plunger that i1s
slidable relative to the hollow cylindrical body from the
open end towards the closed end, and the closed end 1is
closed by a bottom portion. The hollow cylindrical body
may have a length between 35 mm and 120 mm, preferably
between 42 mm and 70 mm, an outer diameter between 6.85
mm and 30 mm, preferably between 8.65 mm and 22.05
mm, and an inner diameter between 4.65 mm and 27 mm,
preferably between 6.85 mm and 19.05 mm, with a length to
outer diameter ratio between 3:1 and 15:1, preferably
between 3:1 and 12:1, preferably between 3:1 and 10:1,
more prelferably between 3:1 and 7:1, more preferably
between 4:1 and 7:1, more preferably between 5:1 and 7:1
and more preferably between 6:1 and 7:1. The hollow
cylindrical body and the bottom portion are formed inte-
grally and of the same material, which 1s a glass or polymer
material. Preferably, the medical device comprises a con-
tainer assembly of the type described above.

The medical device further comprises a cannula for
expelling or dispensing pharmaceuticals from the container
assembly through the cannula, wherein the cannula 1is
arranged so as to pierce the plunger upon actuation of the
medical device. Thus, upon actuation, one end of the can-
nula 1s itroduced through the plunger into the hollow
cylindrical body of the container so as to be 1 contact with
the pharmaceutical accommodated in the container. The
medical device further comprises an actuation mechanism
which 1s configured to move the container and the plunger
relative to each other 1n a substantially axial direction inside
the hollow device body so as to apply pressure to the
pharmaceutical accommodated 1n the container for expelling,
the pharmaceutical. The actuation mechamism can for
example act upon the closed end of the container. The
actuation mechanism can for example comprise a spring
and/or a motor.

The medical device can further comprise a trigger that 1s
manually operable, wherein the trigger upon operation
causes actuation of the actuation mechanism, e.g. by
mechanically releasing a retaining or locking mechanism.

In an embodiment, the medical device can have a maxi-
mum length that 1s less than or equal to triple, preferably less
than or equal to twice, the length of the hollow cylindrical
body of the container. Preferably, the maximum length of the
medical device 1s between 70 mm and 140 mm.

Compared to known medical devices, the medical device
according to the invention has a more compact size and
design by means of the container assembly comprising the
compact closed end container.

All of the leachability values mentioned herein can relate
to measurement results from an ICP-MS (nductively
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coupled plasma mass spectrometry) analysis method, 1n
particular as specified above. The leachability values, 1.€. a
leachability of X ug/cm?® or less, means that the respective
surface or material releases X ug or less of the respective
leachable per cm”.

Even though some of the features, functions, embodi-
ments, technical eflects and advantages have been described
with regard to the container assembly, the container or the
medical device, 1t will be understood that these features,
functions, embodiments, technical effects and advantages
can also apply accordingly to the container, the container
assembly and/or the medical device. Particularly, all pre-
terred embodiments for the container assembly apply also
for the container and the medical device and the other way
around unless specified otherwise.

An optional and preferred way of measuring the leach-
abilities indicated 1n this description 1s given in the example
section.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of embodiments of the mven-
tion and to show how the same may be carried into effect,
reference will now be made, by way of example, to the
accompanying drawings in which like numerals designate
corresponding elements or sections throughout.

FIG. 1 shows a schematic cross-sectional view of a
common prior art container assembly.

FIG. 2 shows a schematic cross-sectional view of a
container assembly according to the present invention.

FIG. 3 shows a schematic cross-sectional view of a
medical device according to the present invention compris-
ing the container assembly of FIG. 2.

DETAILED DESCRIPTION

Examples of embodiments of the present invention will be
explained in more detail by virtue of the following embodi-
ments 1llustrated 1n the figures and/or described below.

FIG. 1 shows a container assembly 10 commonly known
from the prior art. The container assembly 10 comprises a
container 12 having a body portion with an open end 14 and
a closed end 16 opposite to the open end 14. The closed end
16 comprises a neck portion 18 with a reduced diameter and
an adjacent flange portion, wherein the flange portion 1s
closed by a metal crimp 20. The container assembly 10
further comprises a plunger 22 that 1s slidably arranged
inside the body portion via the open end 14.

A pharmaceutical P 1s accommodated 1n the body portion
of the container 12. For expelling or dispensing the phar-
maceutical P from the container 12, a plunger actuation 24
(relative to the container 12) and a fluidic connection 26 are
provided on opposite sides of the container assembly 10.
Upon actuation, the plunger actuation 24 acts on the con-
tainer assembly 10 and causes expelling of the pharmaceu-
tical P via the opposite fluidic connection 26. The plunger
actuation 24 and the fluidic connection 26 are components of
a corresponding medical device (not shown in FIG. 1) and
are therefore only schematically 1llustrated by the arrows 24,
26. The fluidic connection 26 1s usually a cannula that before
or upon actuation of the medical device pierces through the
crimp 20 and a subjacent rubber seal (not shown), which
rubber seal 1s arranged between the crimp 20 and the
accommodated pharmaceutical P. The container assembly
10 1s 1nstallable 1n the corresponding medical device which
1s therefore designed 1n accordance with and dependent on
the design and configuration of the container assembly 10.
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FIG. 2 shows a schematic cross-sectional view of a
container assembly 100 according to an exemplary embodi-
ment of the present invention. The container assembly 100
comprises container 102 having a hollow cylindrical body
with an open end 104 and a closed end 106 opposite to the
open end 104. The container assembly 100 further comprises
a rubber plunger 108. The rubber plunger 108 1s received via
the open end 104 1n the container 102 and 1s slidable relative
to the hollow cylindrical body from the open end 104
towards the closed end 106.

The closed end 106 1s closed by a bottom portion 110
which 1s formed integrally with and of the same material as
the hollow cylindrical body, 1.e. as the lateral surface 112
(shell surface) of the container 102. In the present example,
the container 102, more precisely the lateral surface 112 of
the hollow cylindrical body and the bottom portion 110 are
made of glass, e.g. borosilicate glass. Alternatively, in other
embodiments the container 102 can be made of a polymer.
The inner surface of the contaimner 102 has an average
Zn-leachability of 0.00085ug/cm” or less.

In the example shown 1n FIG. 2, the hollow cylindrical
body of the container 102 has a length L of 45 mm, an outer
diameter DO of 15 mm and an inner diameter DI of 12 mm,
with a length to outer diameter ratio of 3:1. Alternatively, in
other embodiments the container 102 may have a length
between 35 mm and 120 mm, preferably between 42 mm
and 70 mm, an outer diameter between 6.85 mm and 30 mm,
preferably between 8.65 mm and 22.05 mm, and an inner
diameter between 4.65 mm and 27 mm, preferably between
6.85 mm and 19.05 mm, with a length to outer diameter ratio
between 3:1 and 13:1, preferably between 3:1 and 12:1,
preferably between 3:1 and 10:1, more preferably between
3:1 and 7:1, more preferably between 4:1 and 7:1, more
preferably between 5:1 and 7:1 and more preferably between
6:1 and 7:1.

A pharmaceutical P 1s accommodated 1n the hollow cylin-
drical body of the container 102. For expelling or dispensing
the pharmaceutical P from the container 102, both a plunger
actuation 114 (relative to the container 102) and a flmdic
connection 116 are realized on the same side of the container
102, 1.e. at the open end 104 of the container 102. The
plunger actuation 114 and the fluidic connection 116 are
components of a corresponding medical device (shown 1n
FIG. 3) and are therefore only schematically illustrated by
the arrows 114, 116 1n FIG. 2. The fluidic connection 116 can
be a cannula that upon actuation of the medical device
pierces through the rubber plunger 108. Further, upon and
during actuation, the container 102 1s moved axially relative
to the plunger 108 and the fluidic connection 116.

By providing the container 102 with a closed end in
contrast to the prior art crimp assembly, the neck portion, the
flange, the rubber seal and the crimp can be omitted. Thus,
the container 102 comprises less components than the prior
art assembly and has a more compact size and shape. The
dashed area A shown 1n FIG. 2 represents the overall volume
reduction 1 a corresponding medical device that can be
gained by the container 102 according to the present inven-
tion compared to the prior art crimp-type container.

The container assembly 100 1s installable 1n a medical
device. A medical device 120 according to an exemplary
embodiment of the present invention 1s schematically shown
in FIG. 3. The medical device 120 comprises a hollow
device body 122 (a device housing), 1n which the container
assembly 100 and further components of the medical device
120 are housed. Same reference signs are used throughout
the figures for the same or mutually corresponding elements
and features.
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As shown 1n FI1G. 3 the fluidic connection 116 1s a cannula
that pierces through the plunger 108 and extends with a first

end 116A into the hollow cylindrical body of the container
102. An opposite second end of the cannula 1s fluidically
connected to a tube 124 for expelling the pharmaceutical P
accommodated in the container 102 via the cannula and the
tube 124. The tube 124 can be fluidically connected to
further components of the medical device 120 or a con-
nected device.

In the example of FIG. 3, the plunger actuation 114
relative to the container 102, more precisely the movement
of the container 102 relative to the plunger 108 1s realized by
the actuation mechanism 126. The actuation mechanism 126
comprises a spring 128, which 1n an initial position (unac-
tuated state) 1s preloaded. The actuation mechanism 126
further comprses a trigger 130. Upon actuation of the
medical device 120 by operating the trigger, the spring 128
applies force to and thus moves the container 102 relative to
the plunger 108 and relative to the cannula 116. The plunger
108 and the cannula 116 maintain stationary during actua-
tion and use of the medical device 120. By moving the
container 102 relative to the stationary plunger 108, the
plunger 108 applies pressure to the accommodated pharma-
ceutical P, which 1s thus expelled via the cannula 116 and the
flmidically connected tube 124.

EXAMPL

L1l

For analyzing the average leachability by means of ICP-
MS, portions of test and control extracts can be prepared 1n
suitable plastic containers and can be acidified to approxi-
mately 2% with concentrated nitric acid. The resulting
solutions can be analyzed with the following method and
instrumental parameters:

TABLE 1

ICP-MS; Instrumental Parameters

Timing Parameters

Sweeps/Readings 20
Readings/Replicate 1
Number of Replicates 3
Signal Processing
Detector Mode Dual
Autol.ens On
Spectral Peak Processing Average
Signal Peak Processing Average
Blank Subtraction after internal standard
Pump Parameters
Sample Analysis Speed 24 mL/ min
Sample Flush Time 80-120 sec
Sample Flush Speed 48 mlL/min
Read Delay Time 30-45 sec

TABLE 2

ICP-MS: Ion Mass Used for Analysis

Element Mass
Mg 24
Al 27
/n 66

Based on the above method and mstrumental settings and
parameters, an ICP-MS analysis has been conducted. The
purpose of this analysis was to perform a chemical charac-
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terization of a glass container according to an embodiment
of the i1nvention. Per ISO 10993-18:2009, the chemical
characterization information generated was used for mea-

12

LIST OF REFERENCE SIGNS

: . P pharmaceutical 0 contamer assembly (prior art)
surement of the level of a leachable substance N a medu::gl 100 container assembly 12 container (prior arf)
device 1n order to allow the assessment of compliance with 5 102 container 14 open end (prior art)
the allowable limit derived for that substance from health 104 open end 16 closed end (prior art)
based risk assessment (ISO 10993-17:2009). jgg dfad end ;5;2 neck F’E“rt?ﬂﬂ ;fémr art)
: . 1 plunger crump (prior
'ThIS‘ analysis was conducj[ed ban?d on ISO 10993-133 110 bottom portion 22 plunger (prior art)
Biological evtalua}tlon of medlqal dewces—Part. 18: Chemi- 112 lateral surface 24  plunger acmation (prior art)
cal characterization of materials. The analysis was per- 10 114 plunger actuation 26 fluidic connection (prior art)
formed 1n compliance with the ISO 13485:2016 standard. 116 fluidic connection (cannula)
The test article was prepared based on a surface area of - Zg‘ Lirst Egd D‘j thfe Eﬂﬂﬂmﬂ |
27.4 cm” for one glass cartridge. Only the glass cartridge - f:;;; end ol the cannuia
was 1ncludefl in the preparation. The plunger was removed. Do suter diameter
The test article was not subdivided. 15 Dj inmer diameter
The analytical extraction was prepared according to 120 medical device
TABLE 3:
TABLE 3
Analvtical Extraction
Volume
Article  Pieces of of Final
Extraction Amount Test Vehicle Extraction Number Volume
Vehicle Ratio (cm”) Article (mL) Condition of Cycles (mL)
Purified 3cem*1l mlL 548 2 18 50° C. 1 18
Water for 72
Extraction hours
prepared
in a
suitable
plastic
container
for ICP-
MS
testing.
System suitability standards were prepared in 2% nitric _continued
acid and diluted to result 1n final concentrations of 10, 250,
500 and 750 ng/mL. These standard solutions were analyzed LIST OF REFERENCE SIGNS
* . “q 40
aqd the rgsultmg responses evaluated for system suitability 199 hollow device body (device
criteria prior to examining the test extract results. housing)
Portions of the test and control extracts prepared in 124 tube
. . . . 1 . 126 actuation mechanism
suitable plastic containers were acidified to approximately 58 spring
2% with concentrated nitric acid. The resulting solutions 45 130 trigger
were analyzed with the above method and instrumental
par;hm cters. [CP-MS analvs: ( q 5 What 1s claimed 1s:
- © sanille . - aa?ta YISIS was i)e:r ormgth (tjli . ionumneri 1. A container assembly for accommodating pharmaceu-
cl1a ﬁy aVEE a ehprlor. F% (_;1331 container wi ¢ structura tical compositions, comprising:
COI; SULAHOLL 5 wan&ln L 1 val f the of 50  a contaimner having a hollow cylindrical body having a
o Comparilgon Cf[ ﬂf measui? v ugstﬁ © SldS ?Cﬁl_ constant outer diameter along its length with an open
amir b?CCOI: mit 01 © 111:@11 1ol El;ll ¢ :EHHTI Ale gﬁaEZ end and a closed end opposite to the open end, the
]‘jv?l ADIC pHOL Al Z1dss CONACE IS SUOWIL I Hhe closed end being closed by a bottom portion, the hollow
SIOW. cylindrical body and the bottom portion being formed
55 integrally and of a common material, which 1s a glass
1ABLE 4 or polymer matenal, the hollow cylindrical body hav-
comparison of test results for a glass container H}g d length (L) between 35 mm and 120 mm, an outer
of the invention and a prior art glass container dlamEter (DO) betweell 865 11 Ellld 30 1111, aﬂd dll
N y y iner diameter (D1) between 4.65 mm and 27 mm;
Zn-leachability  Mg-leachability — Al-leachability ¢, 3 length to outer diameter ratio between 3:1 and 15:1;
Lg/test article ng/test article lg/test article : : :
an inner surface of the contamner having an average
glass container <0.00400 <0.00400 <0.00400 Zn-leachability of 0.00135 pg/cm” or less; and
according to a solid plunger having no holes or empty spaces within
the mvention and having a length, a first surface, a second surface
prior art glass 0.02580 0.41100 /. 15 St %
container 65 and a perimeter along the length with an outer surface

in the open end to sealingly close the inner surface of
the open end to define sealed area, wherein the solid
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plunger 1s pierceable by a cannula and 1s slidable on the

inner surface from the open end towards the closed end,

and wherein the outer surface of the perimeter of the
solid plunger completely contacts the inner surface of
the hollow cylindrical body.

2. The container assembly of claim 1, wherein the inner
surface of the container has an average Zn-leachability 1s
0.00085 ng/cm2or less.

3. The container assembly of claim 1, wherein the inner
surface has an average Mg-leachability of 0.04000 ng/cm”
or less.

4. The container assembly of claim 1, further comprising,
a pressure compliance of at least 0.64 N/mm” x(inner
diameter)”.

5. The container assembly of claim 1, wherein the com-
mon material has a compaction of 200 um/100 mm or less.

6. The container assembly of claim 1, wherein the com-
mon material 1s selected from a group consisting of a
borosilicate glass, an alumino-silicate glass, a cycloolefin
copolymer, and a cycloolefin polymer.

7. A medical device for expelling or injecting pharma-
ceutical compositions, comprising:

a hollow device body having a cannula;

a container assembly inside the hollow device body, the

container assembly comprising:

a container having a hollow cylindrical body having a
constant outer diameter along 1ts length with an open
end and a closed end opposite to the open end, the
closed end being closed by a bottom portion, the
hollow cylindrical body and the bottom portion
being formed integrally and of a common material,
which 1s a glass or polymer material, the hollow
cylindrical body having a length (L) between 35 mm
and 120 mm, an outer diameter (Do) between 8.65
mm and 30 mm, and an 1nner diameter (D1) between
4.65 mm and 27 mm;

a length to outer diameter ratio between 3:1 and 15:1;

an mner surface of the container having an average
Zn-leachability of 0.00135 pg/cm” or less; and

a solid plunger having no holes or empty spaces within
and having a length, a first surface, a second surface
and a perimeter along the length with an outer
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surface in the open end to sealingly close the 1nner
surface of the open end to define a sealed area,
wherein the solid plunger i1s slidable on the inner
surface from the open end towards the closed end,
and wherein the outer surface of the perimeter of the
solid plunger completely contacts the mner surface

of the hollow cylindrical body; and

an actuation mechanism that moves the container and the
solid plunger relative to each other and relative to the
cannula 1 a substantially axial direction inside the
hollow device body, the container assembly being
arranged 1n the hollow device body so that the cannula
pierces the solid plunger into the sealed area upon
movement by the actuation mechanism and applies
pressure to the sealed area.

8. The medical device of claim 7, turther comprising a
pharmaceutical composition 1n the sealed area.

9. The medical device of claim 7, wherein the common
material has a compaction of 200 um/100 mm or less.

10. The medical device of claim 7, wherein the common
material 1s selected from a group consisting of a borosilicate
glass, an alumino-silicate glass, a cycloolefin copolymer,
and a cycloolefin polymer.

11. The medical device of claim 7, wherein the solid
plunger comprises a rubber material having a Zn-leachabil-
ity of 0.00800 pg/cm? or less.

12. The medical device of claim 7, wherein the container
has an inner surface that has an average Zn-leachability 1s
0.00085 pg/cm”or less.

13. The medical device of claim 7, wherein the container
has and 1nner surface that has an average Zn-leachability 1s
0.00055 ng/cm” or less.

14. The medical device of claim 7, wherein the inner
surface has an average Mg-leachability of 0.04000 ng/cm?
or less.

15. The medical device of claim 7, further comprising a
pressure compliance of at least 0.64 N/mm* x(inner diam-
eter)”.

16. The medical device of claim 7, wherein the length to
outer diameter ratio 1s between 6:1 and 7:1.1.
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